Abstract-The aim of this study was to evaluate and compare the reliability of a fully automatic cephalometric analysis software with manual cephalometric tracing. The lateral cephalograms of 108 orthodontic patients were selected. Eight linear (Pg-NB, Co-A, Co-Gn, U1-NA, L1-NB, Lower lip to E-plane, S-Go, and N-Me) and 9 angular (NSBa, SNA, SNB, NS-MP, FH-FO, U1-NA, L1-NB, L1-MP, and U1-L1) measurements were used in this study. The cephalometric analyses were performed by both manual method and automatic software. The differences between two methods were compared by paired t-test with p<0.05. Analysis of interexaminer calibration of the measurement revealed a high reliability. The result showed that there were statistically significant differences (p<0.05) in 13/17 parameters between the two methods, which consisted of 6 linear parameters (Pg-NB, Co-A, Co-Gn, U1-NA, L1-NB, and Lower lip to E-plane) and 7 angular parameters (SNA, NS-MP, FH-FO, U1-NA, L1-NB, L1-MP, and U1-L1). Only 4 parameters (NS-Ba, SNB, S-Go, and N-Me) did not show any significant differences. It is summarized that 76.47% (13/17 parameters) of cephalometric measurements performed automatically by the dental imaging software showed statistically significant differences when compared with the manual method. The automatic software could not reliably locate all cephalometric landmarks. Hence, the clinicians should not rely on the fully automatic analysis mode since the algorithm of the software still needs improvement for the higher accuracy in locating the cephalometric landmarks. Thus, to obtain accurate results, manual adjustments to the automatically located cephalometric landmarks are recommended. 
I. INTRODUCTION
Cephalometric analysis is a tool for orthodontic diagnosis and treatment planning. Manual tracing is time consuming method for measuring linear and angular parameters of cephalograms. However, this method is still considered as a gold standard in cephalometric analysis [1, 2] . Due to the rapid progress in science and technology, the field of dentistry is constantly evolving.
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One of the applications of digital technology in orthodontics is the use computer programs for analyzing lateral cephalograms (computer-aided cephalometric analysis), which is aimed as a time saving alternative to manual tracing.
This approach uses manual identification of landmarks, based either on an overlaid tracing of a radiograph followed by the transfer of the tracing to a digitizer linked to a computer, or a direct digitization of the lateral skull radiograph using a direct digitizer linked to a computer, and then locating landmarks on the monitor [3] [4] [5] [6] . For an automatic cephalometric analysis, a scanned or digital cephalometric image is stored in the computer and loaded by a software. The software then automatically locates the landmarks and performs the measurements for cephalometric analysis. However, there are also be errors in the software algorithms leading to faulty identification of cephalometric landmarks. Therefore, the purpose of this study was to evaluate the reliability of the cephalometric analysis using the dental imaging software (Carestream Dental, Version 6.14) which is a fully automatic cephalometric analysis program.
II. MATERIALS AND METHODS
The ethics approval for this study was obtained from the Faculty of Dentistry/Faculty of Pharmacy, Mahidol University, Institutional Review Board. One hundred and eight lateral cephalograms of patients undergoing orthodontic treatment were randomly selected from database of the Oral and Maxillofacial Radiology Clinic, Faculty of Dentistry, Mahidol University.
The inclusion criteria were: (1) the radiographs taken from the same x-ray unit (CS 9000C) with magnification ration of 1:1, (2) the radiograph size 30x30 cm, (3) high quality radiographs without any artifacts that could interfere with locating anatomical points, (4) lateral cephalogram with fully intact permanent central incisors and first permanent molars and no craniofacial deformities, such as cleft lip and cleft palate, etc.
For the manual cephalometric method, acetate papers were overlaid on lateral cephalograms and the outline of skull and facial structure were traced by one examiner.
The anatomical landmarks were used in this study :
the center of the fossa of the sphenoid bone as seen in the lateral cephalometric radiograph, Nasion (N):
the most anterior point of the frontonasal suture in the midsagittal plane, Subspinale (Apoint):
the deepest midline point in the curved bony outline from the base to the alvelolar process of the maxilla (the deepest point between the anterior nasal spine and prosthion), The reference planes were used in this study :
The Then, the anatomical landmarks were defined and consensus-approval was given by 2 experienced orthodontists a,b in order to avoid professional bias. Reference lines were drawn for measuring all the linear and angular parameters. Eight linear parameters (Pg-NB, Co-A, Co-Gn, U1-NA, L1-NB, Lower lip to E-plane, SGo, and N-Me [ Fig. 1] ) and 9 angular parameters (NSBa, SNA, SNB, NS-MP, FH-FO, U1-NA, L1-NB, L1-MP, and U1-L1(interincisal angle) [ Fig. 2] ) were used in this study. All parameters were manually measured with the same cephalometric protractor by 2 examiners e,f. Each measurement of each parameter from the 2 examiners were calculated for mean and recorded as manual measurement.
For the automatic imaging software, all lateral cephalograms were automatically analyzed by the software. Then, the analyzed values were printed out. Dependent paired t-test was used to compare the differences of the linear and angular parameters between the two methods.
To assess the reliability of the manual measurement, 10 randomly selected lateral cephalograms were repeatedly measured by the same examiner 2 weeks following the first measurements.
Interclass and intraclass correlation coefficients were used for reliability analysis. 
III. RESULTS
For the interexaminer reliability, interclass correlation coefficient ranged from 0.98 to 1.00, and for the intraexaminer reliability, correlation coefficient ranged from 0.98 to 1.00. These results showed a high reliability of measurement in both and between the examiners.
The comparison of measurements between the manual and automatic tracings revealed that 13/17 parameters (76.47%), which included 6 linear parameters (Pg-NB, Co-A, Co-Gn, U1-NA, L1-NB, and Lower lip to E-plane) and 7 angular parameters (SNA, NS-MP, FH-FO, U1-NA, L1-NB, L1-MP, and U1-L1) showed statistically significant (p<0.05) differences. Only 4/17 parameters (23.53%) which included 2 linear parameters (S-Go and N-Me) and 2 angular parameters (NS-Ba, SNB) did not show any statistically significant differences (Table I) . 
IV. DISCUSSION
The challenging problem in an automated cephalometric analysis is landmark detection, given that the calculations have already been automated with success. The first attempt at automated landmarking of cephalograms was made by Cohen in 1984 [7] , followed by more studies on this topic. Automatic identification of landmarks has been undertaken in different ways that involve computer vision and artificial intelligence techniques. All in all, these approaches can be classified into four broad categories, based on the techniques, or combination of techniques that have been employed. These categories are: (1) image filtering plus knowledgebased landmark search [8] [9] [10] ; (2) model-based approaches [10] [11] [12] ; (3) soft-computing approaches [13] [14] [15] and (4) hybrid approaches [16] [17] [18] . Advances and affordability in digital radiographic imaging have recently increased the demand for the medical profession to automate analysis and diagnostic tasks that were once performed manually. In this respect, several attempts to automate cephalometric analysis have been carried out.
For this study was used an automated cephalometric analysis software which is the application in the X-ray equipment for testing the efficiency of software.
The cephalometric radiographs used were randomly selected and the variables used in this study were commonly used for orthodontic diagnosis and treatment planning. In Table 1 , it is noted that the sample sizes of some parameters in the automatic method were less than 108. The reason for the inequality of sample size arose from the inability of the software to interpret the negative value in the 4 parameters [Pg-NB, U1-NA (mm), L1-NB (mm), Lower lip to E-plane (mm)] and the misinterpretation of the linear pair of angles in 2 parameters (U1-NA and L1-NB). Therefore, those values that did not correspond to the manual measurement were excluded.
Errors in cephalometric analysis may come from systematic and random errors [19] . Systematic errors can occur when obtaining cephalograms if the geometry of the system varies and no compensation is made [20] . Random errors involve tracing, landmark identification, and measurement errors [19] . The greatest cause of random errors is difficulty in identifying landmarks. Influential factors for the identification of landmarks include image thickness and resolution, anatomical complexity, superimposition of the structures, the experience of the observers when locating a landmark, and the manual measurement errors [21] . To reduce random errors in this study, landmark identification in manual tracing were identified by the consensus of two experienced orthodontists, and the accuracy of measurement was tested by inter-and intra-examiner reliability.
In comparison, there were multiple differences in the values obtained from the automatic mode, when compared to those of manual analysis. Differences were observed in 76.47% of measurements. These differences were most likely a result of inaccurate landmark identification by the software. The inaccurately identified landmarks by the fully automatic software were the followings:
Bilateral structures: As a rule, when there is an overlapping of the right and left anatomical structure such as inferior border of mandible, condyle, porion, orbitale, and teeth, the observer should trace the average part of bilateral structures before locating the landmark on the tracing line. However, the automatic cephalometric software could not accurately trace the average part of the structure which, in turn, led to misidentification of the landmark.
This error resulted in the statistically significant differences between the two methods in those measured parameters that related to bilateral structures landmarks which were Co-A, Co-Gn, U1-NA (mm), L1-NB (mm), FH-FO, U1-NA (degree), L1-NB (degree), L1-MP and interincisal angle.
Porion (Po) point: The automatic cephalometric software identified porion at the upper point of the ear rod (mechanical porion) which did not incongruent with the anatomic porion (the superior point of the external auditory meatus) from manual tracing. By using the different landmark, it, then, caused a statistically significant difference in the FH-FO angle between the two methods. It was also reported that porion and orbitale are commonly misidentified by automatic software [22] . Central incisors: There were significant differences between the two methods in U1-NA (degree), L1-NB (degree), L1-MP, and interincisal angle. The difference may be due to difficulties in identifying landmarks, as a result of the superimposition of incisal edges and root tips. Previous studies [3, 22, 23] have also reported that incisor apices had low reliability because they were superimposed by the surrounding structures leading to blurred image and tracing difficulties.
Molar teeth: The automatic software had low efficiency in locating the molar teeth. In most samples, the software traced the second molar instead of the first molar. This in turn led to unreliable functional occlusal plane. As a consequence, the FH-FO parameter showed a significant difference between the two methods.
Soft tissue profile: Although the automatic cephalometric software enabled to trace the outline of the soft tissue profile outline correctly, it had an error when locating the tip of nose, lower lip point, and soft tissue pogonion. These three points related to lower lip to Eplane parameter that showed statistically significant (p<0.05) differences when compared with the manual method.
During the evaluation of 72 cephalographs, Sommer et al [24] found the mean absolute angle differences between the hand-based and fully automatic methods exceeded 2 degrees (allowed tolerance limit of 2 degrees). In this study, significant mean differences of the angular parameters ranged from -2.49 (NS-MP) to 8.91 (U1-NA). The result obtained in this study is consistent with that of Sommer and coworkers.
Overall, the results in this study showed that the fully automatic software used in this study had difficulty identifying the landmarks that were involved in calculating the measurements. However, it should be noted that the manufacturer (Carestream Dental, USA) recommends checking and correcting all automatically located landmarks prior to completing the analysis.
V. CONCLUSION
The fully automatic mode of cephalometric analysis software is not as reliable as manual analysis. It should only be used to support a diagnosis and not as a diagnostic tool. The operator must check, review, and change all landmarks that are inaccurately identified by the software before completion of cephalometric analysis.
